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We give a 1993 update of non-compact lattice QED, in particular the chiral condensate, nite size eects and
meson mass ratios. We compare descriptions of the phase transition. Our previous conclusions remain valid.
1. INTRODUCTION
Non-compact lattice QED has become a con-
troversial subject. All are agreed that the theory
has a chiral phase transition, but there seems to
be little other common ground. Questions that
have been raised [1{7] include:
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 Where is the phase transition and what are
its critical exponents?
 Is the theory interacting or non-interacting
at the critical point?
 Measurements of 
R
show it decreasing as
the phase transition is approached. Is this
a sign of triviality, or is the whole charged
sector irrelevant due to connement?
 Are monopoles vital for an understanding
of non-compact QED or irrelevant?
In the following sections we shall compare our
results and interpretation with other groups.
2. CRITICAL BEHAVIOUR OF THE
CHIRAL CONDENSATE
In [1] we made a t to the chiral condensate
data available to us in 1991. We used an equa-
tion of state that describes the critical region with
logarithmically corrected mean eld behaviour,
the behaviour conventionally expected near phase
transitions in d = 4 (see also [2])
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where  is the chiral condensate,
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From the t we found the parameters 
c
=
0:186(1), p = 0:61(2), 
1
=  0:84(1), 
0
=
0:59(1) and 
1
=  0:30(2).
The equation of state presented in [3] was
m = A



  A
1
(
c
  ); (2)
with the t parameters 
c
= 0:205,  = 2:31,
A

= 1:15 and A
1
= 5:3125. The dierence bet-
ween this  value and the mean-eld value 3 is
taken to be evidence of a non-trivial theory.
Since the original ts there is now more data.
In Fig. 1 we compare the t from eq. (1) with an
updated set of  measurements. At each point
we have shown the data from the largest available
lattice. The combined data from [1,3] are shown
along with some new measurements. All the 10
4
and 16
4
data are new since we made the t, but
we can see that they seem to agree with our ex-
pectations. In Fig. 2 we show the same data com-
pared with the power law t of eq. (2). The t at
lower m values suggests that the true value of 
c
is lower than the value 0:205.
Important in judging the quality of these ts is
an estimate of the nite size eects. Although in
general they are small, results in the symmetric
phase and from smaller bare masses can suer
from nite size eects. We have modelled the
nite size eects by considering the  =1 limit,
where they are calculable. We nd
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f
m
3
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exp( 2m
R
L) + : : :
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f

3
exp( 3:23L) + : : : : (3)
We have used the observation [1] that  
0:62m
R
, both at  =1 and in the critical region,
2Figure 1. The chiral condensate data and the lo-
garithmically corrected mean eld t. Solid sym-
bols have small nite size eects.
to write the formula in terms of , (m
R
is the re-
normalised fermion mass). We now plot  against
the right hand side of eq. (3) in Fig. 3. We see re-
asonably straight lines as predicted. Another ob-
servation consistent with eq. (3) is that nite size
eects are tiny in the quenched case and grow as
the number of avours, N
f
, increases [3]. These
results allow us to decide when a data point has
negligible nite size eects. We estimate that the
`reliable' points are those with  > 0:3 for 8
4
lat-
tices,  > 0:2 for 10
4
lattices and  > 0:15 for
12
4
lattices. For these points nite size eects
should be comparable with statistical errors and
smaller than the symbols in Figs. (1,2). These
measurements are shown as solid symbols.
3. MESON MASS RATIOS AND THE
CHIRAL CONDENSATE
It has recently been proposed [3,4] that the ra-
tio of the scalar and pseudo-scalar meson mas-
ses can be used to test equations of state for
the chiral condensate. The argument [4] relating
@ ln=@ lnm (which we shall call R
0
) to the me-
son propagators C(p) and so to the mass ratio
Figure 2. The power law t and the data.
Figure 3. Finite size eects for , shown for vari-
ous values of  and m.
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We can check most of the steps in this argument,
because we can directly measure R
0
and all the
intermediate quantities except R
1
(for which we
would need the full meson propagators). Only
R
0
and R
1
can be used as precision tests of an
equation of state. R
2
; : : : ; R
5
are only approxi-
mately equal to the derivative of , so the true
equation of state should deviate from measure-
ments of these quantities. In Fig. 4 we show R
2
Figure 4. R
2
from the propagators together with
the logarithmically corrected mean eld t.
together with the t, eq. (1). It deviates some-
what from the measurements of R
0
, showing that
annihilation is not negligible. In Fig. 5 we show
the power law t. R
2
does not favour eq. (2). Pic-
tures of R
5
can be seen in [3]. It is very dierent
from R
0
and R
2
, agreeing with neither equation
of state. Why is R
5
so far from R
2
? The main
reasons are the assumption Z

= Z

and the step
from R
4
! R
5
. In Fig. 6 we show measurements
of both Z's. Away from the critical point the dif-
ference can be considerable. In [3,4] it is argued
that R
5
is a lower bound on R
0
on the grounds
that Z

> Z

. The data does not agree with this
argument.
4. THE CHARGED SECTOR
In [1] we looked at the charged sector in some
detail, the natural thing to do in QED. In par-
ticular we looked at the renormalised charge and
found that it decreases as we approach the cri-
tical point. (Measuring the strength of physical
interactions is a more satisfactory way of discus-
sing triviality than looking at critical exponents.)
In [5] it was argued that even non-compact QED
Figure 5. R
2
and the power law t.
4Figure 6. Z

(open symbols) and Z

(lled sym-
bols) against  for dierent bare masses.
connes due to monopole condensation:
Cluster Susceptibility Diverges   0:205
+
p
Monopole Percolation Occurs  < 0:205
+ ??
Monopole Condensation Not seen
+
p
Connement Not seen
The argument only works if all the links hold.
The justication of the second step, the connec-
tion between the percolation of monopole lines
and monopole condensation, is less clear.
We have checked the argument by applying
tests for connement [1] (by looking at the po-
tential and nding a Coulomb behaviour) and for
monopole condensation [7] (by using conventional
monopole order parameter denitions [8]). Neit-
her is seen. Claims that monopoles are involved in
the phase transition are based on the `exact' coin-
cidence between the monopole percolation thres-
hold and the chiral phase transition. It is hard
to make the data for  consistent with this hypo-
thesis (see Figs. (1,2)).
5. CONCLUSIONS
In [1] we presented evidence for the triviality of
QED. This conclusion was based mainly on mea-
surements of 
R
, though we also noted that the
chiral condensate data are consistent with this hy-
pothesis. This was questioned [3] on the basis of
the equation of state in eq. (2), which is plotted
in Fig. 2.
It has been argued that the chiral condensate
data have severe nite size problems, but compa-
ring data from dierent lattices we see no large
nite size eects. Meson mass ratios have been
used to test equations of state [3,4], but appro-
ximations must be made to relate mass ratios to
the equation of state. We check these approxima-
tions against the data, and see that some of them
are poor.
6. ACKNOWLEDGEMENTS
This work was supported in part by the DFG.
The numerical computations were performed on
the HLRZ Cray Y-MP in Julich and the Fujitsu
VP 2400 at the RRZN Hannover. We wish to
thank these institutions for their support.
REFERENCES
1. M. Gockeler, R. Horsley, P.E.L. Rakow, G.
Schierholz and R. Sommer, Nucl. Phys. B371
(1992) 713.
2. A. Horowitz, Phys. Lett. B244 (1990) 306.
3. A. Kocic, J.B. Kogut and K.C. Wang, Nucl.
Phys. B398 (1993) 405.
4. A. Kocic, J.B. Kogut and M.-P. Lombardo,
Nucl. Phys. B398 (1993) 376.
5. S.J. Hands, J.B. Kogut, R. Renken, A. Kocic,
D.K. Sinclair and K.C. Wang, Phys. Lett.
B261 (1991) 294.
6. V. Azcoiti, G. DiCarlo and A.F. Grillo, Mod.
Phys. Lett. A7 (1992) 3561.
7. M. Gockeler, R. Horsley, P. Rakow and G.
Schierholz, Preprint DESY 93-025.
8. J.L. Cardy, Nucl. Phys. B170 (1980) 369.
